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.. . Abstract. Male Sprague-Dawley rats weighing between 180 and 220 g and maintained 

were givcn clhanol (3 flg. p.0.) 24 h aftcr fasting. Onc  group was givcn ethanol at 10.00 h 
(light phase) and the other at 22.00 h (dark phase). One  hour later. the treated animals with 
their proper controls were sacrificed and the mucosa of the stomach. duodenum. ileum and 
colon wcre separated and assayed for choline acctyltransfcrasc (ChAT) and acetylcholincs- 
tense  (AChE) activities. Data obtaincd indicate that thc administration of cthanol resultcd 
in significant decline (p < 0.01) in ChAT activity in thc stomach and the colon during thc 
light phase. A significant increase (p < 0.01) in ChAT activity was also noted in the ileum 
during the dark phase. There was a significant decrease (p < 0.01) in AChE activity in the 
stomach during the dark phase. The administration of cthanol also rcsultcd i n  a significant 
decline in AChE activity (p  < 0.05) in thc duodenum and the colon (p < 0 .3  ). Thc results 
obtained indicate that the gastrointesiinal changes caused by cthanol administraliorn]nay ._ bc 
related to changes in the cholinergic enzymes of ?he mucosa of the gastroin$&inai ira& 

, ,*Apr I..UC. L v I I L I ~ ~ ~ c ~  ,..m".-,.tt 2 I:-L- t r g t i r i g  and icmpcrature conditions wcre uscd in this expcrimcnt. Animals 
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082 Introduction 

H 84 Evidence has been presented by many in- 
085 vestigators sugesting that ethanol inhibits 
086 the neuronal release of acctylcholinc (ACh). 
H 8 7  , Irr r.iio.studies showcd that low doscs of cth- 
088 anol reduce the rclcasc of ACh inio ccrcbral 
089 cortical cups and push-pull cannulas in the 
090 midbrain 18. 191. I t  has been shown that& 
091 . wire administration of cthanol dirninishcd 
091 synaptic transmission through the supcrior 
093 ccrvical ganglia [14]. In addition. clhanol 
094 was found to inhibit the spon!anrous release 
H 95 of .4Ch from brain conical siiccs 131. In  com- 
096 parison to oihcr Iransmittcn. i t  has bccn 
l i  97 shown that acctylcholinc is ihc-most scnsi- 
I i  98 tivc ncurotr~nsmilicr 10 inhibiiton by eth3- 
099 no1 131. 
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7 ' 1 ~  inliil~i~ory cffcci of cthsnol on clrctri- 
cally stimulnlcd rclcasc of ACh i s  most IiLcl! 
an effect rclated to the cholinergic neurons. 
since no other neuronal system has been 
described to have the ability to accumulate 
cholinc at low conccntrations, to convcrt i t  
into ACh and IO storc i t  in synaptic vcsiclcs 
for release [ 3). As further suppon for cholin- 
ergic involvement in the effect of ethanol in 
the brain, i t  was shown that an acute dose of 
cthanol docs incrcasc thc stcady-statc con- 
ccntration of acctylcholinc in thc rat brain 
110, 121. Moreover. ethanol was found to 
alter the high affinity of choline uptake in  

Changcs in  thc brain cholinergic enzymc 
activity havc also bccn reported [22]. I t  has 
been reporfd that after 4 days of ethanol 
treatment, there was an increase in choline 
acetyltransfcrasc (ChAT! x 5 i i y  in *L- I l l &  

striatum as cornparcd to untrcatcd controls 
[ 6 ] .  On thc othcr hand. a dccrcasc in both 
ChAT and acetylcholinesterase (XChE) ac- 
tivities in the whole brain after 21-35 days 
of cthanol trcatmcnt has bccn tcponcd (211. 
Moreover, it was rcponcd thai clhanol and 
barbiturates ' chave similarly with rcgard to i 
the cholinergic activity In the CNS. although 
the effects of acute and chronic treatments 
wcre differcnt [ 181. 

I t  has bccn dcmonswatcd that intralumi- 
nal ethanol, in concentrations normally 
found in the duodenojejunal lumen after 
moderate drinking, causes mucosal morpho- 
logic lcsions and alterations in the mucosal 
microcirculation [9, 171. Ethanol was. found 
to cause an alteration in jcjunal morphology 
and fluid secretion, and  that these changes 
are accompanied by an increase in mucosal 
ancriolar blood flow, shunting or blood 
through non-capillaq microvcsscls. hypcr- 
mia. hcmoconcentration, and enhanccd thc 
loss of plasma protein into the gut lumen [2]. 
Ethanol at 20?0 concentration decreased 
acid sccrction in the siomach to onc third of 
control values [ZO]. 

7 .- the rat br'ein [ I  1, 12). I :.J 
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l'lic purpow 01 thc prcsciit i ~ i \ ~ ' ~ t i p i i o n  
u x  LO study the clfcci ororal rihaaol adniiii- 
isIration on the key en7ymes of thc clioiiner- 
pic systcm ol' dill-erent gastroiniesrinal re- 
gions. We studied the diurnal effect of etha- 
nol on ChAT (EC 2.3.1.6) and (EC 3.1.1.7). 
linowlcdgc of thc cffcct of cthanol on ihcsc 
cholinergic enzymes will enable us IO under- 
stand the mechanism of action of ethanol on 
the gut. 

>laterials and Rlrthods 

h h l c  Spra_euc-Daulcy rats wcighing 180-230 g 
and purchased from Southern -4nimal Farms (Prat- 
villc. Ala.) wrrc uscd in this study. Thcy wcrc adapied 
to a icmpcnturc of 11 t I c in an cnvironmcn131 

\\bile fluorcsccni lighi for a minimun1.pcriod o f 2  
UccLr. The !i$! pcric& in :he ckr5nik.r was suiomaii- 
call? tirncd to last from 08.00 IO 20.00 h followed by a 
12-hour dark pcriod. Siandard pcllci dict (Purina. St. 

In this experiment. 24 animals uerc randomly 
dividcd into four groups. In 1hc firs1 group. ihc ani- 
mals wcrc given 3 g k g  of cthanol(202 wh) in u i i n c  
orally at 10.00 h. The second group. the control group 
was given saline. The third group had the same ireat- 
mcni as the first. b u t m g i v c n  ethanol PI 22.00 h. 4 l:.'*-~:- 

The fourth group was given saline and served as a 
control for the third group. 

Onc  hour aficr each ircaimcnt sll animals ucrc  
sacrificed by decapitation. The stomach. duodenum. 
ileum and colon were separaicd on  icc and the mu- 
cosa of each was gently scrapped from cach rcgion by 
means of a scalpel. The mucosa of  each was usrd for 
ihc assay. AChE activity uas  assayed using a spcciro- 
phoiomctric mcthod 171. Each iissuc was homogc- 
nircd ( I  % w l v )  in 0.1 ,tf icc!kld hu fe r  (pH 7.4) con- r- 
taining 0.1 b Triion X-100 (Sigma). AChE aciiv~t> in 
cach homcqcnatr uas irnmcdiatcly Jsicrmincd and 
cxprcsscd as n m o  molcs of suharaic facciylrhiochol- 
inc iodidc. Sigma) hydrolyzed pcr minutr p-I milli- 
grdm of tissue. For ChAT aciivily. i-dch lissuc was 
homogcnizcd ( I  40 wlv) in 0.5 A f  irr-cold phosphaic 
bulTcr (plI  7.0). C'MT activity was dctcrminid using 
a spcctrophotomslric mrthod 141 and was cxprcsscd 
as rnicromolcs of acciyl C'oh sullh!dril rornicd pcr 
minute pcr millipram of iissuc. 

I ~ I P  wcrc stalislically rtn~tiycd using unr-\\Lty 
analysis of variancr 1231. Thc signrlirancc of tiis dif- 
fcrcnce hci\r.c.cn ihc mcans of v3rious I I S S U C ~  wcrc 

L :.'-a 

chamber equipped IO prow L e 2 3 . 3  cd!rn-' of cool. 

Louis. Mo.) and waicr wcrc provided ed fd t i iwir .  ~ .J -.' ;. 
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Figure 1 s h o w  that oral ethanol adminis- 
tration rcsuhcd In a significant dcclinc (p < 
0.01) in AChE activity of thc stomach in thc 
dark phasc with no significant changc i n  thc 
light phase. 

Thiere was a significant decline (p  < 
0.05) h AChE activiiy in thc light phasc of 
thc duodcnurn. Figurc 2 shows that ihcrc 
was no significant changc in thc dark 
phase. 

The effect of ethanol administration on 
thc AChE activity of thc ilcum is prcscntcd 
in figurc 3. Thcrc was no significant diffcr- 
cncc bctwccn control and clhanol-trcatcd 
groups in both the light and dark phases. 

In figure 4. it is shown that there-was a 
significani dcclinc (p < 0.05) in Ache activ- 
ity of thc mlon in ?!IC !if!?! phase with iio 
significant change i n  the dark phase. 

A significant decline (p  < 0.01) of ChAT 
activity u a s  seen follo\ving ethanol adm?in- 
istration in the stomach during thc light 
phase. Thcre was no significant changc of 
ChAT activity in the dark phase (fig. 5).  

Figure 6 shqws that there were no signifi- 
cant changes in ChAT activity of the duode- 
num following ethanol administration dur- 
ing both the li-eht and dark phases. 

In the ileum, as  depicted in figure 7. there 
was no siznificant change in ChAT activity 
of the ileum during the light phase, whereas 
thcrc was a significant incrcasc (p < 0.01) in 
the dark phasc following ethanol administra- 
tion. 

Figure 8 represents the effect of ethanol 
on thc activity of Ch.;\T in thc colon. T h y  
was 2 significant dccline in ChAT activity Fp 
< 0.05) in the light phasc with no significant 
eMect during the dark phase. 

Discussion 

Results of this study indicate thi t  the 
rffcct of ethanol on cholinergic activity var- 
ics in  diffcrcnt pans of thc :as~roinics!inal 
tract. This is sccn by variations in thc aciiv- 
i t ?  of thc cn~y rncs .  AChE and ChAT, uscd as 
m3rLsrs for cholin?rgic activity. These act iv- 
i lks  also vary diuI-n:illy. I t  ha s  hzen shu\vn 
1113~ Ic\cls a i  pi3s1113 c t h n n o l  displny a cj l l l r -  

rial rh>thm 1241 Thiriy min\lics a f i c - r  i h c  

L '  

- 
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plasrm Irvrl orcurrcd during ~ h c  dark pliaw 
at 0 2 . 0 0  h arid tlic lowcst Irvcl occurrcd dur- 
ing the light phasc at 10.00 h. In  all tissucs 
sludicd i n  thc prcscnt cxpcrimcnt. thcrc 
wcrc diffcrcnccs i n  thc cffccl of cthanol on 
cholincrgic cnxymc activity during thc light 
and dark phases except in the effect on 
AChE in the ileum and ChAT in the duode- 
num. Thcsc cfTects could bc aitribuicd to the 
activity vcrsus inactivity phascs of thc ani- 
mal. 

Results of this experiment are cornpara- 
ble IO those of other investigators on etha- 
nol-induccd hypothcrmia [?a]. Thcsc invcs- 
tigators found cthanol-induccd hypothcrmia 
varicd in a circadian manner with thc grcat- 
est effect being observed at 10.00 h and the 
least efiect at 06.00 h. 

A positive correlation betwccn Iowcrd 
body tcmpcrature and the scverity of gastric 
lcsions has bcen suggested 111. and the 
marked fall in body temperature during 
stress affects the induction of parasympa- 
thctic stimulation rcsulting in ulccration 
(251. The parasympathetic discharge also has 
been irnpficated in the ulcerogenic process 
[j]. During stress, like in alcohol consump- 
tion. experiments have shown an alteration 
of thc ccntn l  cholinergic activity in thc 
spontaneously hypertensive rats. Since ch+ 
linergic activity is a major activator of gas- 
tric secretion, which in turn zffects the gas- 
tric mucosa, the present work lends suppon 
IO this idea. Morcover. clcvation of gastric 
acid sccrction without a parallcl incrcasc in 
,mucosal blood flow will result in ulceration 
and changes in the local microcirculation of 
thc  gsstric mucos3 [ 131. 

hlorc sigificant changcs wcrc found in 
cholincrgic activity during thc lighi phasc as 
compared to thr  dark phase. It is knob that 
rats are nocturnal. Therefore. they are more 
active at night. Fasicr nictabolism a i  night 
duc to grcaicr activity might account for ICSS 
changcs in cholincrgic activit? during thc 
active period. 

. . . .  
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Circ;idic;ln rhythm cffccts of ethanol has 

alrc3dy twcn rcportcd for epinephrinc and 
norcpiiinrphrine. Alcohol intake resulted in 
a disordcr of thc symprlthoadrcnal syslcm 
ovcr 2 days aficr ihc circadian rhythm of cat- 
ccholaminc cxcrciion changcd [ 151. in an 
effon IO show the effect of phase-shift in the 
photoperiod of ethanol effect, activity 
counts showcd an inconsistcnt profilc fol- 
lowed by a rcduccd frcqucncy of occurrcnccs 
in micc houscd in coniplcic darkncss com- 
pared to the controls [ 161. 

Data from the present investigation indi- 
catc that ChAT and AChE activitics in  scv- 
cral GI tract regions arc rcsponsivc IO ctha- 
nol. Although the inhibition of ChAT activi- 
ties noticed in some regions of the GI tract 
might be rciated to the inhibitory effect of 
cthanol on  XCh rclcasc [i. 7 19). this study 
docs not addrcw thc rr?cchzrrism(s) by :...hich 
ethanol can affcct this cholincrgic cn7.yme. 
Obviously. a study dealing with ACh level 
and turnover rate would further our under- 
standing of thc action of cthanol on the GI 
tract. 

Acknowledgment 

This work was supponed by a grant from the 
Sat ional Aeronauiics and Space Administration 
(NAG 2-41 I )  and a grant from the National Insti- 
lures of Health (NIH RR 081 l). 

References 

I Antoon. J.\V.: Grr_e_e. R.V.: The influenreof body 
tcrnpcrarurc on thc produciion or ulccn in rc- 
siraint rat. Gastrocnrcrology 70: 747-750 
(1976). 
Bcck. I.T.; hlorris. G.P.: Bucll. M.G.: Ethanol- 
induccd vascular pcrmcsbility changcs in the jcju- 
nal mucosa of the dog. Gastroenterology YO. 
1137-1145(1986). 
Carniichatl. F.J.: Isracl. Y.: Effrcts of cihanol on 
nrurotrammiticr rclcae- h) 1-31 brain conical 
sliccs. J. Pharrnx .  cxpl. Thcr. / 9 k  624-834 
( lY75) .  

Chito. 1.V.: H'cilfermn. F.: Sprriro~hiii~lnictitr as- 

say of cholrnc a r c i ~ l ~ r a n s f c r a s  acitr i t ) .  Analyt. 
Riochcrn. 40: I 14- I 18 f I Y k ) .  
h i .  5.: Ogle. C.W.: ECfects o f  strcss and of  IO- 

nomic blwkcr on gaSIfiC mucoul microcircula- 
tion in rats. Eur. J. Pharniacol. 30: 86-Y2 
( I  975). 
Ebcl, A.; Vieran. R.: hlack. G.; Durkin. T.: Man- 
dcl, P.: Cholinergic involvcnicnt in cihanol intoi- 
ication and with&awal-~nduccd seizure suscepti- 
bility. Psychop~rmaco~logy.  Bcrltn 61: 251-254 
( 1  979). 
Ellman. G.L: Courtney. LO.. Jr-: Andrers. V.; 
Fcathcrslonc. R.hl.: A ncw and rapid colorimctric 
dctcrniination of acctylcholinestcrasc acuviiy. 
Biochcm. Pharmac. 7: 66-95 (1961). 
Erickson, C K :  Graham. D.T.: Altcruion ofconi- 
cal and rcticular acctylcholinc relcasc by cthanol 
in vivo. J. Pharmac. cxp. Thrr. IS.': 563-593 
( 1973). 

- -* - 

e 

_I I' - 

9 Halsrcad. C.H.: Roblcs. E.X.; h4crcy. E.: Disiribu- 
tion of ethanol in the human gastroinresrinal KraCt. 
Am. J. clin. Nuir. 26: 831-S34 (1973). 

IO Hunt. W.A.; Dalton, T.K.: Regional brain acetyl- 

.- r " 
x,  

choline levels in rats  acutely treated with erha- 
nolcr rcndcrcd crhanoldcpcndent. Brain Rcs. 
IOY: 628-63 I ( 1976). 

I I H u m  WA.: hlajchrouicr E.: Dalton. T.K.; 
Swanzwcldcr. H.S.: \Vixen. H.: Xltcrations in 
neurowansrniiicr activity after acute and chronic 

,, 

[J 

. 

ethanol treatment: Studies of transmitlrr inienc- 4 

( I  979). 
Lions. .aiCohot: clin. E r q  Rcr 3.. 359-363 -13 r-.: 

-I 

12 Jope. R.S.: Jenden. DJ-: Effects of acute ethanol 
treaiment on cholincrgic function in rats. Subst. 
Alcoh. ACL hfisusc 2.- 15-13 (19SI). 

13 k2tagaw.x H.: Fujiwara. h!.: Osumi. Y-: EfTects of 
waicr-immcrsion strcss on gastric secretion and 
mucosal blood flow in RIS. Gastrcxntcrology 77: 

14 Larrahcc. h1.G.: Ramos. J.G.: Bulbring, E.: E ~ ~ C C I S  
ofanesthetics on oxygen consumption and on syn- 
aptic!ransrnission on sympathetic pnglia. J. cell. 

298-302 (1979). 

~ * I  

I5 

16 

17 

comp]. Physiol. 40- 161-491 (1952). I -,[ 
Laienkov, V.P.: Circadian rhythm of adrcnalinc 
and noradrensline ercrction in heairhy rnalr vol- 
u n t e m  ahcr alcohol inlahe. Bull. crpi. Biot. hlcd. L .> '- 

htessiha. FS.: Darknms. ethanol and cerebral ac- 
tivity.  h'curob;;hav. To\icol. TcI-~Io~. 7: 149-1 53 
( 1985). 
hfillan. L1.S.: Norris, G.P.: Beck. I.T.: Hcnson. 
J.T.: Villous dsm2gc induccd b! suction biopsy 
and by ~ C U I C  rthanol intzkc in thc normal human 

, 

L 99: 314-316 ( I  985). 

small inicsiinc. Dig. Dts .  Sci. 25: 513-!!2i 
( 1980). L. 

I -  L'-y 2 - 



Nordbcrp. A : N'ali l~~riini .  Ci . :  CIiiiii~.c\ in r l i i i l i n .  

c rpc Cunrliim in rat brain Iatr 111 alnlinrncc aflrr 
chronic harbi~al trcatmrnt. Drup Alcohol Ikpcnd.  

l'hillis. J.W.: Jhamandas. K.: Thc cficcts of clilor- 
promwinc and clhanol on  in vivo rclcax of acc- 
rylcholine from the cerebral cortex. romp. gm. 
Pharmacol. 2: 306-310 (1971). 
Shanbour. LL.: EITCCIS of ethanol on Ihc dclcrmi- 
nants of intestinal transpon. Alcohol: din. exp. 

Srnylh. R.D.: Rcck. H.: Thc cffcc~ of time and con- 
ccnIration of ethanol administrdllon on brain ace- 
~ylcholinc mclaboltsm. Archs. int. Pharmacodyn. [?! .' 

The&. IS2: 3 5 - 2 9 9  ( 1  969). 

7: 51-61 (1981). 

RCS. 3: 142-147 (1979). 

L 

431 2f Soliman, K.F.A.: Gabriel. N.N.: Brain cholinergic 
H 332 
433 
434 
435 23 
436 
437 
438 24 
439 
H 440 
44 I 

- 443 
H 444 
345 
446 

44' I5 

involvcrncnl in thc rapid dcvclopmcnt of toler- 
ance to thc hyporhcrmic action of cthanol. Gem 
Pharmacol. 16: 137- I40 ( 1985). 
Slccl. R.G.D.: Torrte. J.H.: Principlcs and proce- 
dures of stalislics (McGraw-Hill. Ncw York 
1966). 
Walkcr. C.A.: Solirnan. hl.R.1.: Soliman. KF-A.: 
Chronopharmacology and c h r o n o ~ o x i c o l o ~  of 
CNS drugs: Intcrrrla!inn~hipnS with nctlmrr?odu!~- 
tors. J. Am. Coll. Toxicol. 2.- 359-370 (1983). 
Yano, S.; Harada. M.: Activation of autonomic 
nenous system during exposure to restraint and 
water immenion stress. 11. Comparison with rc- 
strain1 stress. J.  Phannacobiodyn. 3: 11-16 
( 1980). 

449 
4 50 

452 
453 
454 
455 
4 56 

Received: November 18. I986 
Accepted: January 21, 1987 

Dr. KFA. Solirnan. MD. 
College of Pharmacy and 
Pharmaceutical Sciences, F 

n o r i b  i;niversi?b. r n~ 
Tallahassee. R 32307 (US.%) 



.c 000 
0 0 1  .- 

AN 2 : N 1' ti A R 5 3 8 XA 3 1 r't Il'gtlJ 

Fic. 1. ElTrcl orcrhanol ( 3  p/L.g) o n  AchE activit) 
of thc stomclch during thc light and darh phsscs. Each 
b3r rrprrsrnts t h r  mean + SEM of 6 animals. Aster- 
isk indicatcs tnat I h c  lrcatcd eroup was significanlly 
diffcrcnt from thc control group ( p  < 0.01). 

Fit. 2. Efiect of rlhanol (3 g/kg) on AChE activity 
of thc duodcnum dunng  thc hght and darh phascs. 
Each bar rcprcscnts thc mcanlSEM of 6 animals. 
.Werisk indicakkthat  rtie treated group was signifi- 
can!}! dilrcrcnt rrom tlic control group ( p  c 0.05). 

Fir. 3. E f k t  oicthanol(3 glkg) of the AChEactiv- 
it? ofrhc ilrum during the light and dark phases. Each 
bar rcprcscnts the rncan I SEM of 6 animals. 

Fig. 4. Effccl of cthanol(3 glkg) on AChE activity 
of t h e  colon during the light and dark phases. Each 
bar rcptrscnts thc-mean lr SEM of 6 animals. Aster- 
isk. indicalcs that thc trcatcd grGp was significantly 
different from the control group ( p  < 0.01). 

Fig. 5. Effriii ofcthanol(3 EIkg) on Ch4T activity 

bar represents the mean 'SEhZ of 6 animals. Asterisk 
indicates Ih31 the trcaicd group was significantly dir- 
fcrcni from rhc control group ( p  < 0.01). 

Fig. 6. EfTect of ethanol ( 3  g'kg) on  ChAT activiry 
of thc duodenum during !he light and dark phases. 
Each bar rcprcscnts the mcaniSEM of 6 animals 

Fig. 7. Effea ofethanol ( 3  gkg)  on ChAT activity 
of the ilcum during thc light and dark phascs. b c h  
bar rcprcscnts the mean 2. SEM of 6 animals. Aster- 
isk indicates that the treated p o u p  was significantly 
dimerent from the control group ( p  < 0.01). 

-Fig. 8: Effect of cthanol (3 dkg) on O A T  
acriviry of the colon during the li_eht and dark phases. 
Each bar represcnis thc mean 2 SEM of 6 animals. 
As!cisk lndicatcs tha: :hc i i e r i d  group was signifi- 
cantly different from the control group (p < 0.01). 

C?f!hC i!nm?rh d-rizg :h: !iph: and dark phases. L c h  
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